PROJECTION DEVICE AND SCREEN 
Cross-Reference to Related Applications 

The present application is a continuation-in-part of Sen No. 10/754,093, wliich 
was filed on January 6, 2004, Attorney Docket Number IFC.346 and is a continuation-in- 
part of Ser. No. 10/222,083, which was filed on August 16, 2002, Attorney Docket 
Number IFC.369 (004589.P019) and is a continuation-in-part of Ser. No. 10/222.050, 
which was filed on August 16, 2002, Attorney Docket Number IFC.368 (004589.P018), 
the entire contents of each being incorporated herein by reference in their entirety for all 
purposes. 

FIELD OF INVENTION 

[0001] The embodiments of the present disclosure relate generally to image 
display devices, and nfiore particularly, to projection devices, screens and units for 
projection devices and screens. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] Various aspects of the invention are illustrated by way of example and not 
by way of limitation in the figures of the accompanying drawings, in which the like 
references indicate similar elements and in which: 

[0003] Fig. 1 is a schematic illustration of a front projection display device 
according to an embodiment of the present disclosure. 
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[0004] Fig. 2 is a block diagram of a lens system that may be used in the front 
projection display device of Fig. 1 according to an embodiment of the present 
disclosure. 

[0005] Fig. 3 is a schematic illustration of a lens system that may be used in the 
front projection display device of Fig. 1 according to an embodiment of the present 
disclosure. 

[0006] Fig. 3A is another schematic illustration of a lens system that may be used 
in the front projection display device of Fig. 1 according to an embodiment of the 
present invention. 

[0007] Fig. 3B is another schematic illustration of a lens system that may be used 
in the front projection display device of Fig. 1 according to an embodiment of the 
present invention. 

[0008] Fig. 4 illustrates a projector with the lens system shown in Fig. 3 according 
to an embodiment of the present disclosure. 

[0009] Figs. 5A and 5B illustrate a projection unit according to an embodiment of 
the present disclosure. 

[0010] Figs. 6A, 6B. 7A, 78, 8A, and 88 illustrate various configurations of 
projection units according to several embodiments of the present disclosure. 

DETAILED DESCRIPTION 

[001 1] Fig. 1 illustrates schematically, at 100, a front projection display device. 
Front projection display device may include a projector 110 and a screen 120. Screen 
120 may include a screen surface 130. Projector 110 may be configured to generate an 
image and to project the image on screen surface 130. The screen 120 may reflect the 
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projected image and direct it toward a viewer (not shown). In some embodiments, 
screen surface 130 may scatter liglit so ttiat the projected image is visible to the viewer. 
Although shown and described in relation to a front projection device where the image 
displayed is on the same side as the projection device, it should be appreciated that the 
present disclosure may be applicable to rear projection devices. 
[0012] Briefly, projector 110 may include a light source and/or image source. The 
image source may include image-generation devices, Including, but not limited to, digital 
micromirror devices (DMD), microelectromechanical systems (MEMS), grating light 
valve devices (GLV), liquid crystal display devices (LCD), liquid crystal on silicon 
devices (LCDS), etc. 

[001 3] Projector 1 1 0 may further include a lens system which may be integrated 
within projector 1 10 or otherwise coupled to projector 110 such that an image generated 
by the light source or image source is projected to a screen surface 130 as indicated by 
arrows 140, 150. The image may be displayed to a viewer as indicated by an-ows 160, 
170. 

[0014] Screen surface 130 may include various surface features to improve 
display of the image to a viewer. For example, screen surface 130 may be any suitable 
image display surface, including, but not limited to a wall, a coated surface or other 
specialized surface, such as a glass-bead screen surface, a bumpy screen surface, etc. 
It should be appreciated that in some embodiments, screen 120 may be a Fresnel lens 
type screen, however other suitable screens or surfaces may be used. 
[0015] Returning to Fig. 1 , projector 1 10 may be configured to project light at a 
steep angle from the horizontal to screen surface 130 of screen 120. For example, 
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projector 110 may be offset from screen 120 such that light is projected onto screen 
surface 130 at a substantially steep angle. For example, in some embodiments, light 
may be projected at an angle between approximately 30 to 80 degrees from the 
horizontal. It should be appreciated that in other embodiments, the light may be 
projected to screen surface 130 at other angles, including but not limited to angles 
between 20 to 90 degrees or angles there between. The angle of reflection may vary 
along screen surface 130* 

[0016] Rays 140 and 150 illustrate exemplary paths that light may travel from 
projector 110 to screen 120. For exemplary purposes only, ray 140 is shown reflecting 
and diffusing off of screen surface 130 at an angle 145. Angle 145 may be any suitable 
angle, such as an 80-degree angle. Similarly, ray 150 is shown reflecting off of the 
screen at angle 155. Angle 155 may be any suitable angle, for example angle 155 may 
be a 30-degree angle. Rays 160 and 170 illustrates the path that light may travel after 
reflecting off of screen 120. Rays 160 and 170 show the image being reflected to a 
viewer (not shown). 

[0017] In one embodiment of the present disclosure, projector 1 1 0 may include a 
wide-angle lens system. In one exemplary wide angle system, illustrated schematically 
in Fig. 2, system 200 may include a |-elay lens stage 210 and a wide angle lens stage 
220. Relay lens stage 210 may be configured to generate and project an intermediate 
image 230 to wide angle lens stage 220. Wide angle lens stage 220 may be configured 
to generate and project corrected image 240 for display on screen 250 (which can 
include sci-een 120, for example). 
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[0018] Intermediate image 230 may be considered a distorted image (1(D)) such 
that wide angle lens stage 220 receives a predistorted image. The distortion caused by 
wide angle lens stage 220 may be such that the distortion of intermediate image 230 is 
substantially compensated for (substantially cancelled) by wide angle lens stage 220 to 
generate image (l(-D)). The reference (l(-D)) Is intended to indicate an image 
substantially without the distortion of the intermediate image 230. It should be 
appreciated that the distortion may be to the image shape and/or the focal plane. 
[0019] For purposes of the present description, the term "distortion," is intended 
to include any change from the initial image inputted into the prfedistortion system. For 
example, in some embodiments, a distortion in the image may include an alteration in 
the shape of at least a portion of the image. The term "predistortion" is intended to 
include an intentional distortion of an optical image that compensates for (i.e. is 
substantially equal and opposite to) distortion generated by wide angle lens stage 220. 
It will be appreciated that the predistorted image may be presented in a variety of 
different configurations depending on the type Of downstream distortion for which the 
predistorted image is intended to compensate. 

[0020] The system described in Fig. 2 may include additional optics (not shown). 
For example, the system may include one or more prisms, etc. to direct the image along 
a desired light path. Moreover, there may be one or more lenses configured to alter the 
intermediate image or the corrected image. 

[0021] Fig. 3 is a schematic illustration of an exemplary lens system, indicated 
generally at 300, which may be used in the display device of Fig. 1 . As illustrated, the 
system may include an image-generation device, e.g. DMD 310, adapted to provide an 
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imagiB to the lens system. An image can be provided to DIVID 310 in any manner known 
in the art. DMD 310 may be configured to selectively reflect light from any suitable light 
source (ndt shown) to the lens system. Other types of devices (e.g., 
microelectromechanical systems (MEMS), grating light valve (GLV), liquid crystal 
display (LCD), liquid crystal on silicon (LCOS), etc.) may be used to provide an image to 
the lens system. 

[0022] In the exemplary lens system 300, the image path includes multiple folds. 
Specifically, the Image path is directed through a first relay lens group 315, through 
direction-changing optics 320 and 330 to a second relay lens group 340, and then to a 
wide angle lens system 345. In the illustrated configuration, light (the image path) is 
redirected from a first input direction to a second output direction. 
[0023] Any suitable optical an-angement may be used to change the direction of 
light. In the exemplary embodiment, planar direction changing elements, such as two 
fold min-ors or prisms 320 and 330, may be used so that the direction of light is changed 
or turned by approximately 180 degrees. Specifically, each prism 320 and 330 may 
provide an approximately 90° fold of the image path. In altemative embodiments, the 
two fold angles may be different from each other, but still produce an approximately 180 
degree change in the image path. The multiple fold arrangement may be adapted to 
reverse the light direction such that output light is redirected substantially back toward 
the direction that the input light entered the system (albeit different horizontal planes). 
Other optical devices and number of folds of the image path may be used without 
departing from the scope of the invention. For example, other combinations of prisms 
and/or mirrors may be used to alter the image direction 180 degrees or more. 
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Moreover, the fold is not required. Alternatively, or additionally, other fold angles, for 
example, 45°, 30°, 135°, 180°, etc. could be used. 

[0024] The lens system 300 in Fig. 3 may be configured to produce a distorted 
intermediate image as described in relation to Fig. 2. The distortion of the intermediate 
image may be substantially corrected using wide angle lens stage 345 which may 
create distortion substantially equal and opposite to the distortion of the intermediate 
image. In some embodiments, the distortion of the intermediate image may be created 
by the use of a relay lens stage, such as one of or both of the first and second relay lens 
groups 315, 340. 

[0025] Each of these lens systems may be considered to have a predistortion 
system, such as the first relay lens stage and/or the second relay lens stage (315, 340), 
which is configured to create a predistorted image (or intermediate image) from an 
original image. The lens systems may further be understood to have a receiving 
projection system, such as the wide angle lens system 345, which is configured to 
receive the predistorted image and distort the image to substantially cancel the 
predistortion of the predistorted image and to project a substantially non-distorted image 
corresponding to the original image. 

[0026] Still referring to Fig. 3, in one embodiment, lens groups 31 5 and 340 may 
include any number of suitable lenses, based on, for example, the desired distortion of 
the intermediate image, or the overall size of the lens system. The distortion to be 
caused by relay lens groups 31 5 and 340 may be substantially equal and opposite the 
distortion caused by wide angle lens group 345. In one embodiment, the intermediate 
image is approximately a half circle image in a warped image plane. In alternate 
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embodiments, other types of distortion may be used. For example, if the full lens field is 
to be used, the distorted intermediate image may be a generally circular image. The 
image plane may or may not be warped. 

[0027] Wide angle lens group 345 projects the distorted intermediate image to a 
screen for display. Because wide angle lens group 345 causes distortion to the image 
to be projected and the intermediate image has been pre-distorted by relay lens groups 
315 and 340, the resulting image projected by the lens system has little or no distortion. 
In one embodiment, the total distortion caused by relay lens groups 315 and 340, wide 
angle lens group 345 and any associated prisms may be less than 3%, or less than 
10%. 

[0028] While the above example includes multiple folds, in an alternative 
embodiment a system with only a single fold (e.g., of 90 degrees, for example), or 
without the folds provided by direction-changing optics 320 and 330, can be used, as 
illustrated by Figures 3A and 3B discussed below. For example, a system can be used 
in which the image path is directed through an equivalent to the combination of lens 
groups 315, 340, and 345 without changing direction. 

[0029] In some embodiments, the lens system may be configured to direct the 
image to a screen at a steep angle. For example, the lens system may be configured to 
direct the light at an angle of approximately 30 to 80 degrees toward a screen. The light 
may impinge the screen oh a first side and be riedirected back toward a viewer on the 
same side (first side) of the screen. In this example, by using multiple folds, a compact 
and lightweight projection device may be produced. 
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[0030] In one embodiment, the optic axes of the lenses of relay lens group 31 5 
may be aligned. Similarly, the optic axes of the lenses of wide angle lens group 345 
also may be aligned. In an alternative embodiment, DMD 310 is offset froni the optic 
axis of lens groups 315 and/or 340 such that only a portion (e.g., between 90% and 
80%, 80%-70%. 70%-60%, 60%-50%, 50%-40%, 40%-30%, 30%-20%, 20%-10%, 
80%-40%. 40%-1 0%, or therebetween) of the available lens field is used. By offsetting 
DMD 310 with respect to the optic axis of lens groups, the image from DMD 310 may be 
projected by lens groups 315, 340, and/or 345 in the upper portion of the lens field to 
the screen. Alternatively, a lower portion of the lens field may be used to project an 
image to the screen, if desired. 

[0031] Typically, wide angle lens group 345 provides a field angle of greater than 
100°. For example, lens system 345 can have a field angle of 152° or more. It should 
be understood that lenses having greater or lesser field angles also may be used. For 
example, the field angle can also be 130° or more. In one embodiment, the field angle 
is 153°; however, other angles can be provided. In some embodiments, the optical axis 
of wide angle lens group 345 is substantially perpendicular to the screen so that 
keystone, or trapezoidal distortion may be reduced. 

[0032] As described above, the image may be projected to a screen or a wall. In 
some embodiments, the screen may be a flexible plastic screen. In another 
embodiment, the screen may be a portion of a Fresnel lens type screen. In one 
embodiment, a Fresnel lens type screen with multiple concentric grooves having one or 
more predetermined groove angles may be used. Further, there may be regions or 
zones with different groove angles, pitches, or groove depths. The Fresnel lens type 
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screen can be designed to accommodate light received from a steep angle, such as in 
the system shown in Fig. 1 . It should be noted that the angle of the grooves and the 
reflection angle may vary to accommodate the angle of the input light. 
[0033] Other types of screen surfaces and screens may be used to 
accommodate a steep angle projector as shown in Fig. 1 . For example, the screen may 
be a lenticular screen, a single-sided Fresnel lens type screen, a linear prism sheet, a 
double-sided lenticular screen, a glass bead screen, etc. Each of the above screens 
may be configured to receive light from a steep angle, such as from the wide-angle lens 
system 300 described above. Each screen may further be configured with surface 
topographies that are adapted to reflect light back to a viewer along a horizontal plane 
or other suitable viewing plane. Moreover, such screens may include surface 
topographies configured to reduce stray ambient light, which may substantially effect 
production of the image. 

[0034] Fig. 3A illustrates another exemplary embodiment of a wide angle system 
described above. As illustrated, the lens system 360 may include a DMD 362 adapted 
to provide an image to the lens system. As noted above, an image can be provided to 
DMD 362 in various ways. 

[0035] Although other devices may be used to provide an image to the lens 
system, in the illustrated embodiment, optical direction element 364 directs the image to 
relay lens group 366. Relay lens group 366 projects the image from optical direction 
element 366 to a directional element, such as a prism 368. Relay lens group 366 may 
be configured to distort the image such that intermediate prism 368 receives an 
intentionally distorted intermediate image. 
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[0036] In one embodiment, relay lens group 366 includes 9 lenses; however, any 
number of lenses can be used, based on, for example, the desired distortion of the 
intermediatie image, or the overall size of the lens system. The distortion to be caused 
by relay lens group 366 may be equal and opposite the distortion caused by wide angle 
lens group 370. In one embodiment, the intermediate image is approximately a half 
circle image in a warped image plane. In alternate embodiments, other types of 
distortion may be used. For example, if the full lens field is to be used, the distorted 
intermediate image would be a generally circular image. The image plane may or may 
not be warped. 

[0037] Intermediate prism 368 may provide a 90° fold of the image path, however 
other configurations are contemplated and are within the scope of the invention. For ' 
example, other fold angles, e.g., 45°, 30°, 135°, 180°, etc. could be used. Moreover, 
multiple folds may be used as shown in Fig. 3. 

[0038] The distorted intermediate image may then be directed though a wide 
angle lens group 370 as described above. Briefly, wide angle lens group 370 may 
correct the distortion of the intermediate image such that the resulting image projected 
by the lens system is substantially without distortion. In one embodiment, the total 
distortion caused by relay lens group 366, wide angle lens group 370 and any 
associated prisms may be less than 3%, or less than 5%, or less than 10%. 
[0039] In one embodiment, the optic axes of the lenses of relay lens group 366 
may be aligned. Similarly, the optic axes of the lenses of wide angle lens group 370 
also may be aligned. In some embodiments, the optical axis of wide angle lens group 
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370 is perpendicular to the screen so tliat keystone, or trapezoidal distortion may be 
reduced. 

[0040] Fig. 3B Illustrates another embodiment of a wide angle lens system having 
a distorted intermediate image. The lens system of Fig. SB is similar to the lens system 
of Fig. 3A except that the lens system of Fig. 38 is not folded. That is, wide angle lens 
system 370 may be co-axial with relay lens system 366. 
[0041] Fig. 4 further illustrates, at 400, a projection system including a lens 
system 420 (such as the lens system discussed above in relation to Fig. 3) coupled with 
a projector 410. As illustrated, lens system 420 may be coupled to projector 410. In 
some embodiments, lens system 420 may be removably coupled to projector 410. 
Alternatively, lens system 420 may be integrated into projector 410. By using the 
multiple fold system of Fig. 3, the length of the lens may be decreased creating a more 
compact projector system. The orientation of the lens system 420 relative to the 
projector 41 0 enables the main body of the projector 41 0 to be positioned in close 
proximity to a wall. Such a configuration may reduce the shelf space required for the 
projector when in Operation, while still providing a reduced throw distance required by 
the lens system. For example, the projector 410 of Fig. 4 may be placed substantially 
next to a wall or display surface (e.g. within 2 to 10 inches from a wall or display 
surface) while producing a large image (e.g. a 50-inch to 100-inch image). 
[0042] The system 400 of Fig. 4 further may be adapted to offset the display 
device up. In contrast to some previous display systems, where the offset of the display 
device is down, and the displayed image is offset up above the plane of the projector, 
the present system is set such that the display device is offset up in order to make the 
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image offset up. For example, in some embodiments in the present system, tlie 
intermediate image produced by the lens system may require an offset. For example, in 
Fig. 3, folding the lens and reversing the light direction may function to put the display 
offset into a desired position. 

[0043] In some cases, projector system 400 of Fig. 4 may be used in a person's 
home as a television, projector, home-entertainment system, etc. Alternatively the 
projection system 400 may be used in a business environment. In some embodiments, 
the system 400 may be integrated within a cabinet or other like device. In other 
embodiments, system 400 may be configured to be hung as a wall display, similar to a 
picture hanging on the wall (see for example Figs. 8A and 8B). 

[0044] As described above, the projector system 400 of Fig. 4 may be configured 
to project ah image at a steep angle to a screen or viewing surface, or to a wall, for 
example. Such a projection system may thus require little space and thus may be easy 
to use in a wide variety of environments. Moreover, the projector may be placed 
substantially close to the viewing surface, wall, or screen, thereby reducing shadows 
caused by movement of objects, e.g. people walking through the light path, or other 
objects that may be intermittently or permanently present in the light path. For example, 
in the described embodiment, the image display will not be interrupted by a presentor 
walking around the room, or audience members raising their hands, or other viewers 
moving throughout a presentation room. Since the image is thrown only a short 
distance, such movements and interruptions will not generate disruptive shadows in the 
image. Moreover, such a configuration may be used in systems such as those 
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described below where the system may be easily stored and set up for use without 
having to repeatedly pack up and un-pack a projector. 

[0045] Projector 41 0 may further include one or more cords (a single cord is 
shown for illustrative purposes at 430). Such cords may Include, but are not limited to 
power cords, network cords, etc. As described above, projector 410 with lens system 
420 may be configured to project an image to a substantially adjacent screen or wall 
surface. Thus, it may be possible to position projector 410 relatively close to a wall or 
other image surface. The wall may include one or more outlets for receipt of such 
cords. In some embodiments, cord 430 may be easily received in a wall outlet 
substantially adjacent the projector. Thus, unlike previous systems, where cords 
draped from a projector across the room to an outlet, the cords may instead run along 
the wall to a suitable outlet without presenting an obstacle to presenters and audience 
members in the room. Moreover, the proximity of the projector to the wall may enable 
shorter cords to be used with the system. 

[0046] Various mounting units may be used to mount projection system 400. For 
exanriple, thfe projection systiem may be mounted in an entertainment unit or structure, 
also referred to as a mounting unit. Referring now to Figs. 5A and 5B, an exemplary 
mounting unit for a steep angle front projection system, including both a projector and a 
screen, is shown. Specifically, Fig. 5A shows a cabinet type structure, cabinet 500, with 
a slidable/moveable member or element, such as drawer 510, adapted to support a 
projector (indicated at 540 in Fig. 5B). The slidable/moveable element may enable 
selective lateral positioning of the projector (selective positioning of projector in one or 
more positions in a plane substantially perpendicular to the plane of a display surface) 
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as described in more detail below. Briefly, the projector may be selectively moved into 
one or more operation positions and/or a storage position. In the operation positions, 
the projector may be configured to project an image at a substantially steep angle to a 
substantially adjacent screen. For example, the projector may be configured to project 
an image to the screen at an angle of at least 30 degrees. 

[0047] It should be noted that in some embodiments, a cabinet 500 may be part 
of the projection unit described above. The depth of the cabinet may be based on the 
depth or size of the projector. Altei-hatively, the cabinet may be a single-sided such that 
the cabinet does not include a top, sides or other similar structure, the single-sided 
cabinet may be adapted to have a drawer 510 adapted to support the projector. Such 
single-sided cabinet may be mounted in a secondary frame or other suitable structure. , 
[0048] The cabinet-type structure in combination with a wide-angle lens system . 
or other lens system capable of producing a large image within a short distance, may be 
configured to enable a front projection device to be positioned in substantially close 
proximity or substantially adjacent to the viewing surface or screen. Thus, the 
integrated system does not require the projector to be displaced a significant distance 
from the viewing surface, thus providing a more compact and space-efficient unit. 
[0049] In one embodiment, a moveable and/or flexible screen may be used in 
combination with the projector and such screen may be stored in a rolled position, as 
indicated at 520. In some embodiments, screen 520 may be moveable between a first 
position and a second position. In some embodiments, one of the first position and the 
second position may be a storage position. For example, in Fig. 5A, rolled screen 520 
is shown mounted to a top, front edge of cabinet 500. However, it should be 
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appreciated that screen 520 may be coupled to any suitable portion of cabinet 500. 
Moreover, in some embodiments, screen 520 may be in a fixed open position. For 
example, screen 520 may be integrated within a frame extending from cabinet 500. It 
further should be appreciated that screen 520 may be removably mounted to cabinet 
500. In other embodiments, screen 520 may be separate and independent from cabinet 
500. 

[0050] The screen may be spring-loaded in the closed (rolled) or open (un-rolled) 
position, to ease opening and/or closing. Further, a latch and/or other locking 
mechanism can be used to retain the screen in the open and/or closed position. In 
some embodiments, a tensioning mechanism, such as but not limited to, a spring force 
mechanisrti, a locking rhechanisrti, a frame, etc., may operate to maintain tension on the 
screen when in the open position. By tensioning the screen, it may be possible to 
reduce distortion caused by flex of the screen. 

[0051] In some embodiments, a projector may be removably mounted to a top 
side of drawer 51 0. The drawer 510 can be slidably mounted to cabinet 500 via a 
sliding mechanism, such as roller bearings, sliding bearings, etc., such that the drawer 
can be moved between a closed position (shown in Fig. 5A) and an open position 
(shown in Fig. 5). The sliding drawer 510 may be configured to allow the projector to 
slide perpendicular relative to screen 520. In some embodiments, the drawer or other 
slidable support member may include a mirror to reflect an image projected by projector 
540 to screen 520 when in an operable position. 

[0052] It should be appreciated that although a drawer 510 is illustrated in Figs. 
5A and 5B, the slidable member may be other devices. For example, the projector may 
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be mounted on railSj tracks, roller bearings, wheels, sliding bearings, etc. which may 
enable the projector to slidably move between at least a first position and a second 
position. A user may be able to manually position the projector In a desired Ideation 
along the rails or tracks. In other embodiments, the projector may automatically move 
to preselected positions along the rails or tracks depending on the intended use or 
operation of the projector. For example, and not as a limitation, the automatic motion 
may be powered via an elector motor actuated by a user switch. 
[0053] Cabinet 500 may include additional features. For example, in some 
embodiments, cabinet 500 may Include audio-producing units, such as speakers. Thus, 
in the illustrated embodiment, speakers may be optionally mounted into cabinet 500 
behind covers 530. It should be appreciated that other configurations for mounting 
speakers or other devices may be used without departing from the scope of the 
invention. Moreover, the cabinet may include opening for storing various goods. For 
example. Figs. 6A and 6B show a cabinet including a shelf for objects, such as, plants, 
pots, stereo equipment, and books, etc. Such objects are provided for context and are 
not intended as a limitation. 

[0054] Returning to Fig. 5B, drawer 510 may be moveable to an open position as 
shown. In the open position, cabinet 500 may be configured to transform into a display 
system, such that images are generated and displayed for viewing. Specifically, drawer 
510 may be moveable to an open position where projector 540 may be operated such 
that projector 540 projects light rays (images) onto the unrolled screen 520. Thus, by 
mounting or positioning projector 640 on a slidable member, such as drawer 510, 
projector 540 may be disposed outward from the face of cabinet 500 when in use, and 
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when not in use, drawer 510 (and thus projector 540) may be slid Into a substantially 
stored configuration. Thus, In some embodiments, one or both the projector and screen 
may be hidden from view when not in use. 

[0055] It should be appreciated that cabinet 500 may enable projector 540 to be 
selectively positioned relative screen 520. By selectively positioning projector 540 
relative screen 520, it may be possible to selectively control the size of the image 
displayed on screen 520. For example, the projector may be positioned a first distance 
from lens system 550 such that the image generated by projector 540 is of a first size. 
By moving projector 540 to a different position, projector 540 may be a second distance 
from screen 520. The size of the image may vary depending on the distance that the 
projector is relative the screen. Thus, in some embodiments, a first distance for the 
projector 540 relative screen 520 may produce an image of a first size, while a second . 
distance for the projector 540 relative screen 520 may produce an image of a second 
size. Such motion may effectively produce a zoom feature for the projector. In some 
embodiments, drawer 510 may be preconfigured to generate images of select sizes. 
For example, a user may select an image size based on the content of the image. For 
example, movies images may be displayed in a larger format than data presentation 
Images. As another example, a user may select an Image size based on the size of the 
screen. And as indicated below, by lowering an adjustable focus, it may be possible to 
provide such flexibility of image size while maintaining image quality. 
[0056] It should be appreciated that one of the projector or the screen may be 
moved to enable such size adjustment. For example, any suitable means for providing 
relative motion between the screen and the projector may be used to position the 
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projector and screen in at least a first position and a second position. Thus, in some 
embodiments, the means for providing relative motion between the screen and the 
projector may indude slidably moving the projector substantially perpendicular to the 
screen. In other embodiments, the means for providing relative motion between the 
screen and the projector may include moving the screen a select distance from the 
projector. 

[0057] A user may further be able to selectively size screen 520. For example, 
the screen may be moveable between a first position (where the screen is a first size) 
and a second position (where the screen is a second size). Such selective sizing of 
screen 520 may be useful to accommodate different type of images, such as movies, 
presentations, etc. 

[0058] It should be appreciated that any suitable locking mechanisms, such as 
detents, may be used to selectively lock drawer 510 (or other moving elenient 
supporting projector 540) in select positions to generate images of a desired size. 
[0059] In some embodiments, projector 540 may include focusing devices, such 
as, but hot limited to, devices for manually or automatically adjusting focus and auto 
calibration devices, which may be useful to optimize the focus of the image based on 
the size of the image generated on screen 520 (as determined in some systems by the 
position of the projector and/or screen). By providing such features it may be possible 
to optimize the size of the image and the focus of the image. Such features may be 
manually or automatically set depending on the configuration of projector 540. 
[0060] Figs. 6A and 6B further illustrate an entertainment unit, including a 
projection unit, as indicated generally at 600. The entertainment unit may include a 
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support structure for the projection unit, where the projection unit may include a 
projector and a screen. Specifically in Figs. 6A and 6B, projector 640 (shown in Fig. 6B) 
may be disposed in a slidable or moveable member or element, e.g. drawer 610, as 
described above. Drawer 610 may be integrated into a cabinet member 615. 
Alternatively, in some eniibodiments, cabinet member 615 may include one or more 
removable sections. For example, cabinet member 61 5 may be stackable above or 
below an eritertainitient center or television stands. Alternatively cabinet member 615 
may be a stand-alone piece. Cabinet member 615 may be adapted to support or 
contain a separate visual and/or audio device, such as a television 660. Projector 600 
may be selectively stored in drawer 610 when not in use such that television 660 is 
accessible to a user. Specifically, Fig. 6A shows cabinet 600 in a closed position, while 
Figure 6B shows cabinet 600 in an open position. Such a configuration may be 
integrated into an existing entertainment center. 

[0061] As with Figs. 5A and 58, projector 640 may be configured to generate and 
produce an image on screen 620. The position of projector 640 may be selectively 
varied to produce a desired sized image. Moreover, the configuration of the projector 
640 may enable positioning of the projector substantially adjacent to screen 620. For 
example, projector 640 may include a wide angle lens system 650 as described in detail 
above in regards to Figs. 2-4. 

[0062] In another example. Figs. 7A and 78 further illustrate another 
entertainment unit, including a projection unit, as indicated generally at 700. In the 
illustrated embodiment, projection unit 700 is disposed such that projector 710 (shown 
in Fig. 78) is mounted to slidable element 720. Slidable element 720 may be configured 
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to selectively position projector 710 in a storage position (shown in Fig. 7A) and an 
operation position (shown in Fig. 7B). In the operation position, projector 710 may be 
extended from cabinet 730 such that images generated by projector 710 may be 
directed toward screen 740. Specifically, projector 710 may be mounted to a slidable 
element such that during operation, an image may be projected downward onto screen 
720 as indicated by rays 750. As with the other embodiments described and illustrated 
herein, there may be one or more operation positions. Such operation positions may be 
selectively chosen depending on the size of the image to be projected onto screen 740. 
Moreover, the focus may be adjustable to accommodate such image size changes. 
[0063] It should be noted that in the illustrated embodiment, screen 740 is 
mounted to a bottom, front edge of cabinet 730 such that the screen 740 hangs 
downward during use as shown in Fig. 7B. It should be appreciated that screen 740 
may be linked to cabinet 730 in any nurhber of ways. For example, the screen may be 
attached to the bottbm portion of the unit and drawn upwards during operation, such as 
the embodiments shown in Figs. 5A, 5B, 6A, and 68. Alternatively the screen may be 
attached to the side of the unit and drawn to the side of the unit during operation. 
[0064] Screen 740 may be stored in any suitable manner when not in use. For 
example, screen 740 may be stored in a rolled position as indicated in Fig. 7A. 
Alternatively, in other embodiments, the screen may be permanently positioned in an 
operation position. 

[0065] As with the other embodiments, Figs. 7A and 7B show various other 
objects, such as plants, pots, stereo equipment, television, and books, for context. 



Express Mail Label No. EV 430434488 US 



-21- 



Atty Docket No. IPC 376 



which may be positioned within or on the unit. Such objects may make the unit more 
versatile than previous units. 

[0066] Referring now to Figs. 8A and 8B, still other alternative embodiments are 
illustrated. In Fig 8A, an overhang unit 800 is shown which may be nriounted or 
otherwise secured to a wall 820 or other substantially vertical surface. The overhang 
unit may include a slidable member 810 which may be selectively moveable between a 
storage position, shown in Fig. 8A, or an operation position, shown in Fig. 8B. 
[0067] Although shown as an overhang unit, it should be appreciated that in 
some embodiments, projector 850 may be directly attached to wall 820 without the 
cabinetry shown in Figs. 8A and 8B. In such a configuration, screen 830 may be affixed 
to the wall. In other words, the screen may be "hung" from wall 820 or from overhang 
unit 800. In some embodiments, screen 830 may include an outer frame which may 
hold the screen flat. In other embodiments, the screen may be held flat due to the 
tension in the hanging screen as a result of the pull of gravity. Other methods may be 
used to hold or retain the bottom and opposing sides of the screen. Although not 
required, in some embodiments, screen 830 may be storable in a storage configuration. 
[0068] In the illustrated embodiment, screen 830 may be stored during nonuse in 
a rolled configuration or other suitable configuration. In the stored configuration, wall 
hangings, such as picture 840 may be visible to a viewer. It should be appreciated that 
the picture and table and lamps are shown for context and are for illustrative purposes 
only. The illustrated embodiment enables a user to selectively use the projector without 
having to significantly alter a room or the wall space in the room. Thus, a user may use 
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the projection device without removing pictures, photographs, etc. from the wall or wall 
space. 

[0069] In some embodiments, projector 850 may be supported by a cabinet type 
structure 860 or the like. Cabinet 860 and/or projector 850 may be mounted to wall 
using mounting structures, such as brackets 870 or other suitable devices. Brackets 
870 may be composed of a variety of materials, including but not limited to wood, metal, 
plastic, etc. In some embodiments, brackets 870 may be configured to mimic various 
types of decorating styles. In the example shown in Figs. 8A and 8B, the brackets 870 
are triangular in shape. Note, however, that various other mounting approaches can be 
used to mount cabinet 800 to wall 810, such as ceiling supports, ceiling wires, legs to 
the floor, etc. Any number of brackets may be used to support cabinet 860 and/or 
projector 850. Further still, combinations of different types of mounting approaches 
could be used, if desired. 

[0070] As with the previously described embodiments, projector 850 may be ' 
selectively positioned In an operable position. Projector 850 may be configured to 
project an image (as Indicated by rays 880) to screen 880. For example, projector 850 
may be contaihed within the slidable member 810 such that it is positioned at a select 
distance from screen 880. Alternatively, in some embodiments, projector 850 may be 
supported in a fixed position relative screen 880 such that projector 850 has only an 
operation position. 

[0071] It should be appreciated that the units above may make it easier to mount 
and use a projection device. For example, in some embodiments, a projection device 
may be integrated or partially integrated into a previously used entertainment center or 
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television stand. IVIoreover, such projections units as described may be used in rooms 
with vaulted ceilings or high ceilings unlike previous ceiling mounted front projection 
display devices which were difficult to use in such conditions. 
[0072] The configuration of the lens system described in relation to Fig. 3 may 
make the projector substantially lightweight and compact such that it may easily be 
mounted in the rhounting systems and entertainment units described above. However, 
it should be appreciated that any suitable lens systems may be integrated within the 
projector. The lightweight and compact projection units described above may be easily 
portable and storable. 

[0073] Also, various other types of cabinets or mounting systems may be used 
that are different in shape and/or style than those described above. For example, a 
cabinet-type structure may be mounted into wall 810 so that the front side is flush with 
wall 810. In this way, the projector may be adapted to slide out and project an image 
directly on a wall, if desired. Alternatively, the image may be projected onto the 
moveable screen which is supported by wall 810 to have improved flatness. In still 
another alternative embodiment, the projector may be configured to be mounted directly 
to a wall and/or placed substantially adjacent to a wall on which a screen is mounted (or 
ho screen could be used). 

[0074] Although the priesent disclosure includes specific embodiments, specific 
embodiments are not to be considered in a limiting sense, because numerous variations 
are possible. The subject matter of the present disclosure includes all novel and 
nonobvious combinations and subcombinations of the various elements, features, 
functions, and/or properties disclosed herein. The following claims particularly point out 
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certain combinations and subcombinations regarded as novel and nonobvious. These 
claims may refer to "an" element or "a first" element or the equivalent thereof. Such 
clainis should be understood to include incorporation of one or more such elements, 
neither requiring nor excluding two or more such elements. Other combinations and 
subcombinations of features, functions, elements, and/or properties may be claimed 
through amendment of the present claims or through presentation of new claims in this 
or a related application. Such claims, whether broader, narrower, equal, or different in 
scope to the original claims, also are regarded as included within the subject matter of 
the present disclosure. 

[0075] Reference in the specification to "one embodiment" or "an embodiment" 
means that a particular feature, sitructure, or characteristic described in connection with 
the embodiment is included in at least one embodiment of the invention. The 
appearances of the phrase "in one embodiment" in various places in the specification 
are not necessarily all referring to the same embodiment and such features, stmctures 
and/or characteristics may be included in various combinations with features, structures 
and/or characteristics of other embodiments. 

[0076] In the foregoing specification, the invention has been described with 
reference to specific embodiments thereof. It will, however, be evident that various 
modifications and changes can be made thereto without departing from the broader 
spirit and scope of the invention. The specification and drawings are, accordingly, to be 
regarded in an illustrative rather than a restrictive sense. 
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